
z 
I 
I 

~ 

z 
I 
I 

""0 
)> 

E" ....... 
::r 
0 ,.., 

~\ NIH Public Access 
1 8i Author Manuscript 

0
...<:-HEP..o<:-

Published in final edited form as: 
Pediatrics. 2006 December; 118(6): el845-el859. doi: l0.1542/peds.2006-0338. 

Impact of Prenatal Chlorpyrifos Exposure on Neurodevelopment 

in the First 3 Years of Life Among Inner-City Children 

Virginia A. Rauh, ScDa, Robin Garfinkel, PhDa, Frederica P. Perera, DrPHa, Howard F. 
Andrews, PhDa, Lori Hoepner, MPHa, Dana B. Barr, PhD, DLSb, Ralph Whitehead, MPHb, 
Deliang Tang, DrPHa, and Robin W. Whyatt, DrPHa 
acolumbia Center for Children's Environmental Health, Mailman School of Public Health, 
Columbia University, New York, New York 

bNational Center for Environmental Health, Centers for Disease Control and Prevention, Atlanta, 
Georgia 

Abstract 

OBJECTIVE-The purpose of this study was to investigate the impact of prenatal exposure to 
chlorpyrifos on 3-year neurodevelopment and behavior in a sample of inner-city minority children. 

METHODS-As part of an ongoing prospective cohort study in an inner-city minority 
population, neurotoxicant effects of prenatal exposure to chlorpyrifos were evaluated in 254 
children through the first 3 years of life. This report examined cognitive and motor development at 
12, 24, and 36 months (measured with the Bayley Scales oflnfant Development II) and child 
behavior at 36 months (measured with the Child Behavior Checklist) as a function of chlorpyrifos 
levels in umbilical cord plasma. 

RESULTS-Highly exposed children (chlorpyrifos levels of>6.17 pg/g plasma) scored, on 
average, 6.5 points lower on the Bayley Psychomotor Development Index and 3.3 points lower on 
the Bayley Mental Development Index at 3 years of age compared with those with lower levels of 
exposure. Children exposed to higher, compared with lower, chlorpyrifos levels were also 
significantly more likely to experience Psychomotor Development Index and Mental Development 
Index delays, attention problems, attention-deficit/hyperactivity disorder problems, and pervasive 
developmental disorder problems at 3 years of age. 

CONCLUSIONS-The adjusted mean 36-month Psychomotor Development Index and Mental 
Development Index scores of the highly and lower exposed groups differed by only 7.1 and 3.0 
points, respectively, but the proportion of delayed children in the high-exposure group, compared 
with the low-exposure group, was 5 times greater for the Psychomotor Development Index and 2.4 
times greater for the Mental Development Index, increasing the number of children possibly 
needing early intervention services . 
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In June 2000, the US Environmental Protection Agency (EPA) announced a ban on the sale 
of the insecticide chlorpyrifos for residential use, effective December 31, 2001. 1 This 
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regulatory action was intended to phase out nearly all indoor and residential uses of this 
organophosphate,2 one of the most commonly used pest control substances in the United 
States. Before the ban, residential use of chlorpyrifos was particularly heavy in New York 
City. For example, during 1997, the amount of the insecticide applied by licensed 
applicators in New York City exceeded the amount applied in any other county in New York 
State, including agricultural communities. Other commonly detected insecticides included 
the organophosphate diazinon and propoxur.3 

As a result of heavy indoor use, largely for cockroach control, pesticide exposure is 
widespread among pregnant women living in New York City.3- 8 Specifically, 72% to 85% 
of women participating in 2 different cohort studies reported using some fonn of pest 
control during pregnancy,3•7- 9 and 46% reported using ~1 of the higher-toxicity methods, 
such as exterminator sprays, can sprays, and pest bombs. 3 A survey of pest control measures 
conducted in 2000 and 2001 by the office of the New York State Attorney General found 
that 93% of New York City public housing residents applied pesticides at home and more 
than one half did so approximately once per week. 6 

In a previous report from the present cohort, detectable levels of chlorpyrifos were found in 
99.7% of personal air samples and 100% of indoor air samples from stationary residential 
monitors for a sample of pregnant women.8 Chlorpyrifos was also detected in 64% to 70% 
of blood samples collected from mothers and newborns at delivery. Maternal levels and 
newborn levels were correlated strongly, which indicates that this pesticide crosses the 
placenta readily. 3 Since the ban, levels of chlorpyrifos in personal and indoor air samples 
have decreased at least threefold and plasma blood levels have decreased more than fivefold 
among women and infants participating in the present longitudinal study.3 

Experimental work showed links between chlorpyrifos exposure during pregnancy and 
deficits in fetal growth and neurocognitive development in rats. 10 Prenatal chlorpyrifos 
exposure was shown experimentally to inhibit acetylcholinesterase, to downregulate 
muscarinic receptors, to inhibit the adenylate cyclase signaling cascade, to decrease brain 
DNA and RNA synthesis, and to suppress neurite outgrowth. 10- 14 Many organophosphate 
compounds are lipophilic and cross the placenta. 15 Prenatal exposure is a source of concern 
because acetylcholinesterase seems to act as a neurotropic factor during brain 
development. 16 Organophosphates may also disrupt brain development through 
noncholinergic mechanisms, at doses that cause only minimal acetylcholinesterase 
inhibition_l6-lS Unlike classic teratologic cases, in which the greatest sensitivity is seen 
during the first trimester, the window of vulnerability for organophosphates is likely to 
extend from the embryonic period into postnatal life. 13 Exposures during the spurt in brain 
growth, which in human pregnancies begins during the third trimester, may be particularly 
deleterious. 11.12•16•19- 21 The defects seen experimentally are in the same neurotransmitter 
pathways as those that are characteristic of nicotine-related changes, and there is evidence 
that some of these effects are delayed, which suggests that the programming of synaptic 
development has been altered. 13•22 Such changes may emerge or reemerge later in 
development, accompanied by behavioral anomalies. 23 

To date, relatively few studies of pesticide effects on human neurodevelopment have been 
published. Young et al24 found associations between prenatal maternal organophosphate 
exposure and deviant neonatal reflexes, which are very early functional indicators of 
neurologic damage. Guillette et al25 found that 4- and 5-year-old children in a Mexican 
agricultural cmrununity with high levels of organophosphate and organochlorine pesticide 
use showed decreased stamina, hand-eye coordination, drawing ability, and short-tenn 
recall, compared with children from a nearby community with low levels of use. However, 
there was no biomarker of exposure, there was no control for confounding, interviewers 
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were not blinded to group status, and the assessment tools were not validated. A more-recent 
study investigated long-term neurobehavioral development in young children after illegal 
residential applications of the organophosphate pesticide methyl-parathion. 26 Urinary and 
environmental measures were used to document exposure levels, and adverse effects were 
seen for tasks that involved short-term memory and attention. Parents of exposed children 
also reported that their children had more behavioral and motor skill problems. 26 Because 
the experimental literature has shown adverse neurodevelopmental consequences of 
exposure to chlorpyrifos at subclinical exposure levels, there is concern that risks to 
pregnant women and their offspring may go undetected. 22•27•28 

In the present cohort, previous work demonstrated significant inverse associations between 
umbilical cord chlorpyrifos levels and birth weight and length. 4•29 Among infants born 
before the EPA ban, birth weight decreased by 67.3 g (95% confidence interval [CI]: -116.6 
to -17.8 g; P = .008) and birth length decreased by 0.43 em (95% CI: -0.73 to -0.14 em; P 
= .004) for each 1-unit increase in logarithmically transformed cord plasma chlorpyrifos 
level,4 which showed that exposures were sufficiently high to produce fetal growth deficits. 
The purpose of the present study was to evaluate the longer-term effects of prenatal 
chlorpyrifos exposure on preschool behavior and child neurodevelopment during the first 3 
years of life. 

Study Subjects 

The subjects for this report were participants in an ongoing prospective cohort study of 
inner-city mothers and their newborn infants who were born between February 1998 and 
May 2002.29 The study was initiated in 1997, to evaluate the effects of prenatal exposures to 
ambient and indoor pollutants on birth outcomes, neurocognitive development, asthma, and 
procarcinogenic damage in a cohort of mothers and newborns from minority communities in 
New York City. The study gathered information on prenatal pesticide use in response to 
growing concerns regarding the extent of residential insecticide use in New York City30 and 
the levels of pesticide concentrations in air and biospecimens. 31 

Nonsmoking women (classified by self-report and validated with blood cotinine levels of 
<15 ng/mL), 18 to 35 years of age, who self-identified as black or Dominican and who 
registered at the obstetrics/gynecology clinics at New York Presbyterian Medical Center and 
Harlem Hospital by the 20th week of pregnancy were approached for consent to participate. 
Eligible women were free of diabetes mellitus, hypertension, known HIV infection, and 
documented or reported drug abuse and had resided in the area for 2::1 year. The retention 
rate for the full cohort was 82.72% at the 3-year follow-up assessment. There were no 
significant differences between women retained in the study and those lost to follow-up 
monitoring with respect to maternal age, ethnicity, marital status, education, and income and 
gestational age and birth weight of the newborn. The study was approved by the institutional 
review board of Columbia University, and informed consent was obtained from all 
participants. 

Of 648 consenting women, 536 were active participants in the ongoing study at the time of 
this report, and 254 of their children had reached the age of3 years with (1) prenatal 
maternal interview data, (2) biomarkers of chlorpyrifos exposure levels from maternal and/ 
or cord blood samples obtained at delivery, (3) postnatal observational data on the quality of 
the home caretaking environment, and (4) a neurobehavioral outcome assessment at 2::1 
yearly evaluation (12, 24, and 36 months). Of the 254 children in the research sample, all of 
the requisite data were available for 228 children at 12 months, for 227 at 24 months, and for 
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228 at 36 months. There were 189 children with outcome assessments and other required 
data at all 3 time points. 

Maternal Interview 

A 45-minute questionnaire was administered to each woman by a trained bilingual 
interviewer during the third trimester of pregnancy. Information included demographic 
characteristics, home characteristics, lifetime residential history, history of active and 
passive smoking, occupational history, maternal education and income level, alcohol and 
drug use during pregnancy, and history of residential pesticide use. The questionnaire was 
based on one used in a previous study and was adapted for the New York City population. 31 

Information on residential exposure to enviromnental tobacco smoke (ETS) was obtained 
from a set of questions about timing, frequency, and amount of exposure to cigarette smoke 
in the home. Residential exposure to ETS has the greatest potential impact on mother and 
child, because of the stability, duration, and intensity of exposure in urban apartments such 
as those of our study participants. There was a significant difference in mean cotinine levels 
between residentially exposed and nonexposed mothers (P < .05), but there was no 
significant difference between mothers reporting work exposure only and nonexposed 
mothers. Therefore, classification of self-reported ETS exposure was based on residential 
history only. 

Biological Sample Collection 

Samples of umbilical cord blood (30-60 mL) were collected at delivery by drawing blood 
into a heparin-containing syringe, to avoid clotting. Samples of maternal blood (30-35 mL) 
were collected within 2 days after delivery, in heparin-containing Vacutainer tubes (Fisher 
Scientific, Morres Plains, NJ), and were transported to the Columbia Center for Children's 
Enviromnental Health laboratory for processing. Portions were sent to the Centers for 
Disease Control and Prevention for analysis of chlorpyrifos, cotinine, and metal levels, as 
described in detail elsewhere. 8•32 Methods for the laboratory assay for chlorpyrifos, 
including quality control, reproducibility, and limits of detection (limits of detection: 0.5-1 
pg/g), also were published previously.33 The parent compound for chlorpyrifos was 
measured in blood plasma. Lead in umbilical cord blood was analyzed through Zeeman 
graphite furnace atomic absorption spectrometry, with a phosphate/Triton X -1 00/nitric acid 
matrix modifier. 

Measures of Child Behavior and Neurodevelopment 

The Bayley Scales oflnfant Development II (BSID-11) were used to assess cognitive and 
psychomotor development at 12, 24, and 36 months of age.34 The BSID-11 is a widely used, 
normative value-referenced, developmental test for young children that is used frequently to 
diagnose developmental delay and is known to be sensitive to the effects of toxic exposures 
such as low-level, intrauterine, lead exposure.35•36 Each scale provides a developmental 
quotient (raw score/chronological age), which generates a continuous Mental Development 
Index (MDI) and a corresponding Psychomotor Development Index (PDI). When 
administered at 3 years of age, the BSID-11 demonstrates only moderate predictive power for 
subsequent intelligence and school perfonnance but is clinically useful for children 
perfonning in the subnormal range.34•37- 39 Children's status can be classified as normal or 
delayed (scores of :S85) on the basis of a standardized cutoff point of 1 SD. In the present 
study, each child was tested under controlled conditions in the study office by a trained 
bilingual research assistant, checked for reliability. Five different testers conducted a total of 
1101 BSID-11 assessments over the course of the 3-year study period. Every effort was made 
to maximize reliability in scoring by using standardized training procedures and regular 
quality control. Inter-rater reliability for the 24-month BSID-11 assessments was r = 0.92, on 
the basis of double-scoring of a random 5% of the sample. 
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Behavior problems were measured through maternal report on the 99-item Child Behavior 
Checklist (CBCL) for ages 1.5 to 5 years, which collects information on child behaviors 
occurring in the past 2 months.40 Syndrome scale scores are obtained by smmning 
individual items on the sub scales, and the total problems score is the sum of all items. The 
CBCL also yields internalizing and externalizing scores and Diagnostic and Statistical 
Manual of Mental Disorders, Fourth Edition (DSM-IV)-oriented scales that approximate 
clinical diagnoses.41 All subscales are scored continuously and categorically by using a 
borderline or clinical cutoff point corresponding to the 98th percentile for each domain. This 
measure is well validated, is easy to administer, and screens problem areas that have been 
linked to pesticide and ETS exposure, specifically, attention problems and attention 
problems with hyperactivity. 

Measures of maternal intelligence and quality of the home environment were included as 
co variates because they are known predictors of child neurodevelopment and potential 
confounders of the association between exposure and outcomes. Maternal nonverbal 
intelligence was measured when the child was ~3 years of age, with the Test ofNonverbal 
Intelligence, Second Edition, 42 a 15-minute, language-free measure of general intelligence 
that is relatively stable and free of cultural bias. The quality of the care-taking environment, 
measured with the Home Observation for Measurement of the Environment (HOME), was 
also assessed at 3 years.43 This instnunent assesses physical and interactive home 
characteristics44 and has been used widely in studies ofneurotoxicity.45 

Many nonpersistent pesticides are soluble in water and therefore may partition to the water 
fraction of breast milk, although available data are extremely limited for chlorpyrifos. In the 
present study, breastfeeding was considered as a dichotomous variable (present or absent) in 
preliminary analyses and was found to have no relationship to any of the developmental 
outcomes considered in this study and no relationship to chlorpyrifos exposure. It was 
therefore not included in the final analyses. Nevertheless, because exposure to chlorpyrifos 
in breast milk may be complex, this area deserves additional study. 

Statistical Analyses 

Maternal education was categorized as high school graduate or nongraduate. 
Dichotomization was preferred because of differences in years of education between women 
raised in the Dominican Republic and those raised in the United States and because a high 
school degree has implications for employment. 

Although testing of the biomarker cotinine was available, cotinine is only a short-term 
marker ofETS exposure and does not indicate exposure throughout pregnancy. Therefore, 
cotinine testing was used only to validate maternal self-report, which was the preferred 
measure ofETS exposure in this study. The association between self-reported ETS exposure 
and cotinine assay results was highly significant (X 2 = 48.57; P < .001) and of comparable 
magnitude for black women (x 2 = 26.89; P < .001) and Hispanic women (x 2 = 19.16; P <. 
001 ), which supports the validity of self-report in this sample. 

As described previously, 8•29 chlorpyrifos levels in paired maternal and umbilical cord 
plasma samples were correlated strongly (r = 0.76; P < .001, Spearman's rank). In cases in 
which the umbilical cord sample was not collected (12% of subjects), the mother's values 
were used, on the basis of a formula derived from regression analyses described previously. 4 

Levels were logarithmically transformed to nonnalize a positively skewed distribution, and 
values below the limits of detection (0.5-1 pg/g) were assigned a value of one half the 
detection limit concentration. In preliminary analyses, we found no indication of either a 
linear or nonlinear dose-response relationship between chlorpyrifos levels and 
developmental outcomes. Chlorpyrifos levels were categorized into 4 groups, that is, 
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undetectable levels (n = 80) and 3 tertiles in the detectable range: tertile 1 (n = 65), tertile 2 
(n = 39), and tertile 3 (n = 44). As in a previous report of chlorpyrifos effects on birth 
weight,4•29 the only group for which mean 36-month BSID-11 scores were significantly 
lower was the group with the highest exposure level (>6.17 pg/g). Specifically, analysis of 
variance showed significant PDI deficits in the highest tertile, compared with each of the 
other groups (undetectable: P = .02; lowest tertile: P = .02; middle tertile: P = .03). The only 
significant mean group difference in MDI scores was between the highest tertile and the 
lowest tertile (P = .03). The most highly exposed group and the undetectable group had 
lower mean MDI and PDI scores than did the 2 middle levels. On the basis of these 
preliminary analyses, and consistent with our previous reports, a dichotomized exposure 
variable was used, classifying subjects into high exposure (>6.17 pg/g) or lower exposure 
(S6.17 pg/g). 

Intrauterine lead levels in the sample ranged from 0.15 11g/dL to 2.80 11g/dL and were 
logarithmically transformed to approximate a normal distribution. Lead levels were 
available, however, for only a subset of children (n = 89). Within this subset, there was no 
significant relationship between prenatal lead levels and chlorpyrifos levels (r = -0.08; P = . 
49). 

BSID-11 scores have a floor of 50, which is the minimal obtainable score. A small number of 
children were considered untestable at each age and therefore were missing BSID-11 scores, 
as follows: 1.4% of24-month MDI scores, 0.7% of24-month PDI scores, 0.4% of36-month 
MDI scores, and 0.4% of36-month PDI scores. There were no untestable children at the 12-
month assessment. 

Associations between prenatal chlorpyrifos exposure and developmental outcomes were 
estimated by using multivariate linear regression for continuous scores and logistic 
regression for categorical outcomes. To estimate the chlorpyrifos effect on 
neurodevelopment over time (from 12 to 36 months of age), general linear modeling (GLM) 
for repeated measures was used, including only those children with complete data at all 3 
time points.46 Effect estimates, 95% Cis, and P values (a set at .05) were derived by using 
SPSS for Windows (release 13.01; SPSS, Chicago, IL). In addition to the prenatal indicator 
for high pesticide exposure, all models included terms for prenatal ETS exposure, gender, 
ethnicity, gestational age at birth, quality of the home care-taking environment, maternal 
educational level (high school degree versus no high school degree), and maternal IQ. 
Covariates were included in models as possible confounders if they (1) had a significant 
association with level of pesticide exposure and any measure of developmental outcomes in 
this sample, (2) altered the estimate of chlorpyrifos effect by 2':10%, or (3) had been 
identified as confmmders in comparable studies. Maternal intelligence scores were missing 
for 29 women, and the sample mean was substituted for those missing values, to maximize 
sample size. Analyses conducted with and without the imputed values showed no 
differences in the magnitude of the covariate or exposure effects. Interactions of chlorpyrifos 
with all exposure variables and sociodemographic covariates were tested and found to be 
nonsignificant. Potential mediators of the exposure-development association included birth 
weight and birth length (growth parameters shown previously to be associated with prenatal 
chlorpyrifos exposure). Mediation was tested by including birth weight and birth length in 
separate models and determining whether the estimate of the pesticide effect was attenuated 
in the presence of each fetal growth parameter. 

Table 1 describes the characteristics of the sample, stratified according to level of prenatal 
chlorpyrifos exposure. Chlorpyrifos levels ranged from undetectable to 63 pg/g, and 20.6% 
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of the sample was classified as having high chlorpyrifos exposure. There were significant 
race/ethnicity differences in the distribution of chlorpyrifos exposure, in that 24.2% of black 
women and 14.9% of Dominican women had high exposure. Cotinine levels ranged from 
0.01 ng/mL to 8.79 ng/mL, and 37% of the sample was classified as being exposed to ETS 
during pregnancy. Women who were highly exposed to chlorpyrifos were significantly more 
likely to have residential exposure to ETS during pregnancy, compared with women with 
lower chlorpyrifos exposure. The sample was largely at term, because of the timing of air 
monitoring later in pregnancy and the exclusion of high-risk pregnancies, as defined above 
(only 4% of the pregnancies were <37 weeks). 

Table 2 shows the unadjusted means and SDs for continuous BSID-11 scores and proportions 
delayed for the 2 exposure groups at 12, 24, and 36 months of age. The 36-month average 
PDI score was significantly lower among children exposed to high levels of chlorpyrifos, 
compared with those exposed to lower levels (P = .01). At 36 months, significantly greater 
proportions of children with cognitive (P = .05) and psychomotor (P = .002) delays were 
observed among children exposed prenatally to high levels of chlorpyrifos. Although none 
of the other differences reached statistical significance in these bivariate tests, children 
exposed to high levels of chlorpyrifos scored lower, on average, on 5 of the 6 age-specific 
tests than did children exposed to lower levels. Similarly, the percentage of children 
experiencing developmental delay was higher among children exposed to high chlorpyrifos 
levels than among children with low exposure for 5 of the 6 age-specific tests. 

Five behavioral domains were assessed with the CBCL at 36 months of age. Table 3 shows 
the proportions of children scoring in the problem range on each of these scales for the 2 
exposure groups. A greater proportion of children with high chlorpyrifos exposure were in 
the clinical problem range on all5 of the scales; the difference reached statistical 
significance in bivariate tests for both attention problems (P = .03) and attention-deficit/ 
hyperactivity disorder (ADHD) problems (P = .03). 

Table 4 shows the results of multivariate regression analyses estimating the age-specific 
effects of prenatal chlorpyrifos exposure on MDI scores, after adjustment for gender, 
ethnicity, gestational age at birth, home enviromnent, prenatal ETS exposure, maternal 
education, and maternal intelligence. The adverse effect of prenatal chlorpyrifos exposure on 
MDI scores (-3.3 points) was marginally significant at 36 months of age (P = .06). Longer 
gestation was protective, despite the restricted range of gestational ages. Mother's lack of a 
high school degree was associated with a statistically significant 3-point deficit in MDI 
scores. Black children outscored Dominican children consistently, and these effects seemed 
to increase with child age through 36 months (ranging from 0.2 points at 12 months to 6.3 
points at 36 months). Female subjects scored, on average, significantly higher than male 
subjects (3.0 -3.8 points). In addition, children who lived in homes with higher HOME 
scores (both stimulation and interaction) scored higher scores at 36 months of age. Children 
exposed to ETS during the prenatal period showed a 3-point decrease in MDI scores at 24 
months (P = .06), but this effect was no longer apparent at 36 months. Interaction terms for 
the interaction of chlorpyrifos exposure with the other exposure and sociodemographic 
variables were tested in the full model, and none was significant. Together, exposures and 
sociodemographic covariates accounted for 25% of the variance in MDI scores at 36 
months. 

Table 5 shows the results of multivariate regression analyses estimating the age-specific 
effects of prenatal chlorpyrifos exposure on PDI scores, after adjustment for gender, 
ethnicity, gestational age at birth, home enviromnent, prenatal exposure to ETS, maternal 
education, and maternal intelligence. A significant negative chlorpyrifos effect was seen at 
36 months, in that children exposed to high prenatal levels scored, on average, 6.5 points 
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lower on the PDI, compared with those with low levels (P = .003). Of the covariates, only 
race (P = .03) and gestational age (P = .03) had statistically significant effects on motor 
development at 36 months, consistent with the findings that maternal education and other 
socioeconomic status proxies have little impact on motor development in the early years.47 

All interaction terms for the interaction of chlorpyrifos exposure with the other exposure and 
sociodemographic variables were tested in the full model, and none was significant. In 
particular, the lack of a significant interaction between chlorpyrifos exposure levels and 
HOME scores for MDI or PDI scores suggests that, although the quality of the home 
enviromnent may have a significant independent effect on MDI scores (P < .001) and a 
marginal effect on PDI scores (P = .06), it neither protects against nor exacerbates the 
adverse impact of prenatal chlorpyrifos exposure on mental or motor development at 36 
months of age. 

Because there was a significant effect ofrace/ethnicity on BSID-11 scores in most models, 
and because of the risk of possible uncontrolled confounding by other unmeasured race­
associated exposures, we conducted race-specific analyses at 36 months. The adverse 
chlorpyrifos effect on PDI scores was significant at the .05 level in both race/ethnicity 
groups. Specifically, among black children with high versus low exposure, the deficit was 
~7 points (97.07 points vs 104.22 points). Among Dominican children with high versus low 
exposure, the deficit was ~6 points (93.95 points vs 99.13 points). The chlorpyrifos effect on 
MDI scores was significant (P < .05) for black children, with a deficit of ~6 points (88.47 
points vs 94.81 points), but was not significant for Dominican children, for whom the deficit 
was slightly less than 2 points (85.17 points vs 86.87 points). These findings were consistent 
with the overall chlorpyrifos results, which were stronger for the PDI than the MDI at 36 
months. 

Tables 6 and 7 show the results of logistic regression analyses estimating the adjusted risks 
of delays (MDI and PDI) as a function of prenatal chlorpyrifos exposure, after adjustment 
for gestational age, gender, ethnicity, maternal education, maternal intelligence, and home 
enviromnent. Before 36 months of age, highly exposed children were no more likely to 
exhibit mental or motor delays than were those with lower exposure. At 36 months of age, 
the odds of highly exposed children having mental delays were 2.4 times as great (95% CI: 
1.12-5.08; P = .02) and the odds of motor delays were 4.9 times as great (95% CI: 1.78-
13. 72; P = .002), compared with children with lower prenatal exposures. 

After examination of the age-specific results for the MDI and the PDI, GLM was conducted 
to explore developmental trajectories. In addition to the test of main effects, GLM tested the 
interaction of each independent variable with age, to obtain estimates of effects over time. 
Covariates were included if they were significant predictors in any age-specific model; for 
the MDI, these were ethnicity, maternal education, gender, gestational age, HOME scores, 
and ETS exposure. Covariates for the PDI were ethnicity, gender, gestational age, HOME 
scores, and ETS exposure. Results of the GLM analysis (n = 189) were consistent with the 
age-specific findings with respect to the effects of chlorpyrifos, race, and HOME scores. In 
addition, GLM analyses provided estimates of within-subject effects (change over time) and 
within-subject contrasts, indicating at exactly which age the effects occurred. Preliminary 
analyses indicated no significant interactions of chlorpyrifos exposure with any of the 
covariates, including ETS exposure and race (P > .05). Therefore, all interactions terms were 
excluded from the final models. 

Figure 1 shows the estimated means for MDI scores over time according to prenatal 
chlorpyrifos exposure level, adjusted for the effects of covariates. Both high-exposure and 
lower-exposure groups demonstrated decreases in scores, as reported frequently for low­
income populations during the toddler years, followed by increases in the later preschool 
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period. The recovery by 3 years of age was slightly greater for children with low exposure, 
compared with children with high exposure, but the chlorpyrifos within-subject effect 
(change over time) was not significant (P = .23). The GLM analysis did indicate significant 
within-subject effects of both race (P = .001) and HOME scores (P = .03) on MDI scores, 
consistent with results at the individual time points. A second GLM analysis, including only 
1 independent variable and using tests of within-subject contrasts, showed that the ethnicity 
effect on MDI scores emerged between 12 and 24 months (P = .001). 

The results of the GLM analysis for PDI scores revealed a significant within-subject effect 
(change over time) of prenatal chlorpyrifos exposure (P = .01), with an estimated deficit of 
>7 points at 36 months of age among children exposed to high levels of chlorpyrifos (Fig 2). 
There was also a significant change over time in the effect of ethnicity, in that the difference 
between the mean PDI scores of the 2 groups increased over time, with Dominican children 
having lower mean scores regardless of exposure level (P = .001). A second GLM analysis, 
including only these 2 independent variables and using tests of within-subject contrasts, 
showed that the ethnicity effect on PDI scores emerged between 12 and 24 months (P =. 
001) and the chlorpyrifos effect emerged between 24 and 36 months (P = .003). 

Table 8 shows the results oflogistic regression analyses estimating the adjusted risk of 
behavior problems as a function of chlorpyrifos exposure. Significant chlorpyrifos effects 
were found for attention problems, ADHD problems, and pervasive developmental disorder 
(PDD) problems. In addition, children with prenatal ETS exposure were significantly more 
likely to score in the clinical range for ADHD problems. Despite the significant associations 
between chlorpyrifos exposure and these subscales, only 3.9% to 4.9% of the sample scored 
in the clinical range, which resulted in large Cis. There was no evidence of interaction 
between ETS exposure and chlorpyrifos exposure for these behavior problems, but small 
numbers limited our ability to test these effects. 

Because the EPA ban occurred during the study period, we examined its overall effect on 
chlorpyrifos levels and BSID-11 scores over time. The ban was actually a phase-out, 
beginning with announcements of the impending regulation and some early removal of 
products from retail stores. After the ban, it was possible that some families continued to use 
pesticide products purchased before the ban. It was therefore difficult to detennine with 
precision the date when exposure stopped; however, it was possible to classify the births in 
the present sample into the pre ban period (before January 2000), the midban or phase-out 
period (January 2000 to December 2000), and the postban period (January 2001 and later). 
One-way analysis of variance of ban effects on mean logarithmically transfonned 
chlorpyrifos levels showed significant decreases in mean chlorpyrifos blood levels at 
delivery in this sample across the pre ban (0.92 pg/g), midban (0.81 pg/g), and postban 
periods (0.90 pg/g) (F = 49.81; P < .001). There were significant increases in 36-month 
BSID-11 MDI scores from the preban period (average score: 87.13 points) to the midban 
period (average score: 91.69 points) (F = 3.88; P = .02) and in PDI scores from the preban 
period (average score: 97.31 points) to the midban period (average score: 101.79 points) (F 
= 2.91; P = .056), but there were slight nonsignificant decreases in scores after full 
implementation of the ban (MDI average score: 89.48 points; PDI average score: 99.40 
points). The initial decrease in chlorpyrifos levels from the preban period to the midban 
period corresponded to the largest increase in BSID-11 scores, but larger epidemiologic 
studies will be needed to assess the full impact of the ban, including the longer-term effects 
of possible substitute pesticides. 
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DISCUSSION 

Three substantive findings emerged from the study. First, by 3 years of age, significantly 
greater proportions of highly exposed children scored in the range of mental and motor 
delays, compared with those with lower exposures. After adjustment for the effects of 
covariates, highly exposed children scored, on average, 6.5 points lower on the test of motor 
development (P = .003) and 3.3 points lower on the test of mental development (P = .06) at 
3 years of age than did those with lower levels of exposure. Second, the developmental 
trajectories for PDI and MDI scores confirmed that adverse cognitive and psychomotor 
effects increased over time and these effects were present in both Dominican and black 
subjects, which supported the main conclusion of the study. Third, at 3 years of age, children 
who were exposed prenatally to high levels of pesticides were significantly more likely to 
score in the clinical range for attention problems, ADHD problems, and PDD problems than 
were children with lower levels of chlorpyrifos exposure. The significant negative effects of 
chlorpyrifos on developmental and behavioral indicators observed in multivariate testing 
were also seen in the simple bivariate tests of both continuous and dichotomous outcomes. 
The multivariate tests showed that the effects of chlorpyrifos were not attributable to the 
effects of potential known confounders, and they provided the best estimates of the negative 
effects of chlorpyrifos on development. 

In the present study, we used chlorpyrifos levels measured in umbilical cord blood at 
delivery as the dosimetric measure of prenatal exposure. However, it is not clear to what 
extent these measures reflect critical exposures throughout pregnancy. Specifically, the half­
life of the chemically specific metabolite of chlorpyrifos in blood is 27 hours, with 70% of 
an orally administered dose being eliminated in the urine within 4 days after exposure. 48 

Experimental data indicate that the half-life of chlorpyrifos in adipose tissue is somewhat 
longer (62 hours).49 In chronic-exposure situations, a biomarker measured at a single time 
point can provide a representative dosimetric measure of exposure even if the toxicant has a 
short half-life, such as cotinine. 50-52 Recent data from the larger cohort study from which 
this sample was drawn showed that exposures to chlorpyrifos during pregnancy remained 
fairly constant, that there was little within-home variability in indoor air levels (P > .2), and 
that between-home variability accounted for 92% of the variance in chlorpyrifos levels (P <. 
001 ). 53 In addition, it is likely that the concentrations of chlorpyrifos in maternal blood and 
adipose tissue are in steady state with each other and with the concentrations in fetal blood 
unless the blood samples are obtained very soon after exposure to chlorpyrifos. 54 For these 
reasons, we think that cord blood provides a reasonably accurate biomarker of exposure in 
the present study. The dichotomization of chlorpyrifos cord blood levels (ie, using the group 
with highest exposure as the risk indicator), although yielding significant effects in these 
analyses, does sacrifice exposure information and does not allow full exploration of the 
possibly subtle relationship between exposure and developmental outcomes. We are also 
limited by the sensitivity and predictive validity of standardized developmental tests in the 
first 3 years of life. We fully expect that future studies, including the continued assessment 
of this cohort by incorporating larger sample sizes and more-targeted developmental tests at 
older ages, will have the capacity to explore fully the possible dose-response relationships. 
In addition, the present study lacks information about early childhood chlorpyrifos and lead 
exposure, which could affect estimates of a dose-response relationship in the present study. 
Such information will be available for the current cohort at older ages, when a more­
informative analysis of possible dose-response relationships can be conducted. 

The deficit in motor development that emerged by 3 years of age among highly exposed 
children might be educationally meaningful, because compromised motor performance in 
the preschool years is a significant precursor of subsequent educational performance 
deficits, such as 8-year academic achievement in reading, mathematics, and spelling. 47 
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Continued follow-up monitoring of the present cohort should determine whether observed 3-
year motor deficits are predictive of subsequent motor problems and/or educational deficits. 

In the present cohort, the mean cognitive scores were well below average and showed a 
general decrease over the first few years. Such a decline was observed previously for infants 
raised in low-income families and cmrununities, independent of chemical exposures, 37•55•56 

in part because toddlers from low-income homes have less access to developmentally 
stimulating enviromnents and may be delayed in acquiring language and problem-solving 
skills.57--ti3 Although children with low HOME scores did have significantly lower BSID-11 
scores in this study, there was no indication that the chlorpyrifos effects were either 
exacerbated or remediated by the quality of the home enviromnent. The finding that a large 
proportion of children scored in the delayed range on the MDI, although consistent with 
other reports for similar populations,64•65 is worrisome, especially because the MDI is often 
given more importance than the PDI.66•67 

Children who are exposed prenatally to well-studied toxicants (such as lead, ETS, or 
cocaine) exhibit the same kind of decline in cognitive scores during the early preschool 
years as seen among low-income children.68- 71 This report is the first to show that prenatal 
organophosphate exposure generates a similar pattern. It is not yet known whether children 
from low-income families have a more difficult time than less-deprived children in 
recovering from the effects of prenatal chlorpyrifos exposure or whether additional 
stimulation can compensate for some of the adverse effects of early toxic exposures on 
cognitive development in low-income populations. The present findings suggest that the 
developmental deficit is present regardless of the quality of the home enviromnent. It is not 
clear whether the children with high chlorpyrifos exposure are exhibiting developmental 
delay (development that follows an expected pattern but is delayed) or developmental 
disability (an atypical rather than expected course of development over time). Subsequent 
testing at later ages will provide longer-term data on average developmental trajectories 
exhibited by this group. 

The magnitude of the pesticide effect on MDI scores reported in this study was modest but 
comparable in magnitude to reports from some other studies of prenatal neurotoxicants such 
as cocaine.72•73 The PDI effect reported here was also similar to prenatal maternal smoking 
effects on 2-year PDI scores, risk of motor delay, balance, and fine-motor coordination at 5 
years of age, as measured with the Peabody Developmental Motor Scales. 74 Motor effects 
may persist even when adjusted for birth weight, despite the fact that lower birth weight 
itselfhas been associated with increased frequency of motor problems.75 Other studies 
found no adverse effects of prenatal cocaine exposure on motor development. 76- 78 

Although the adjusted mean 36-month PDI and MDI scores for the highly and lower 
exposed pesticide groups differed by only 7.1 and 3.0 points, respectively, the proportion of 
children in the highly exposed group with developmental scores of <85 was 5 times greater 
than that among lower exposed children for the PDI and 2.4 times greater for the MDL 
Highly exposed children were significantly more likely than lower exposed children to need 
(and to be eligible for) early intervention services, which are designed for children who are 
at potential risk for early school failure. US law mandates that early intervention services be 
provided to children at risk of developmental delay.79 For example, in New York City, 
developmentally delayed children (MDI scores of <80) are referred to an early intervention 
program administered by the New York State Department of Health and Mental Health. 
Children in the present sample who scored in the delayed range were referred to the state 
program. Longer-term follow-up monitoring is needed to determine whether this 
intervention improves developmental performance and whether this has predictive value. 39 
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Given the diversity of possible mechanisms and target tissues, the developing brain could be 
vulnerable to organophosphate pesticide exposure from early embryonic life into 
childhood.16•80- 85 According to Slotkin,22 the period of vulnerability to chlorpyrifos extends 
through the period of synaptic modeling, and this continues well into childhood and even 
adolescence. In the present report, both chlorpyrifos and lead exposures were assessed 
during the prenatal period only, which is a limitation. In light of the proposed mechanisms 
for chlorpyrifos, it is possible that at least some of the observed effect was attributable to 
subsequent early childhood exposures. A recent study by Grand jean et al 86 of a small 
sample of children in Ecuador who were exposed to multiple pesticides as a result of 
maternal floriculture work reported that effects of prenatal exposure might be lasting and 
might differ from the effects of postnatal exposure. Specifically, those authors found an 
increase in neurologic abnormalities and lower scores on the Stanford-Binet copying test 
among those with prenatal pesticide exposure (assessed by maternal interview) and also 
among stunted children. They also found that postnatal pesticide exposure, measured as 
decreased total excretion of dimethyl and diethyl metabolites of organophosphates, was 
associated with increased simple reaction time, independent of the other risk factors. In the 
present cohort, chlorpyrifos levels in 2- to 3-year blood samples will be analyzed in future 
reports, and the impact of early childhood exposure to chlorpyrifos on neurobehavioral 
development will be evaluated. In addition, early childhood blood lead levels will be 
included in future analyses. 

The finding that highly exposed children were more likely to manifest attention and ADHD 
problems is consistent with the hypothesized neurotoxic mechanism but should be 
interpreted with caution, for several reasons. First, the CBCL criteria for ADHD problems 
are derived from DSM-IV, but DSM-IV itself has low sensitivity for assessing the 
inattentiveness of preschool-aged children. 87 Second, a very small number of children 
included in the final analyses had scores exceeding the clinical cutoff point (n = 9), which 
resulted in large Cis. Nevertheless, the finding is consistent with other neurotoxicant studies 
that reported significant risk for behavioral disorders associated with prenatal lead and ETS 
exposures88 and alcohol and cocaine. 89 Such environmental toxicants have been generally 
associated with cognitive and behavioral abnormalities, including attention and memory 
disorders, lower IQ, poorer academic achievement, impulse control problems, frustration 
intolerance, and aggression. The low-dose behavioral toxicologic effects seem to be 
especially dangerous during the critical period of fetal development. The finding that highly 
exposed children were more likely to be classified as having PDD problems might be 
explained by the number of ADHD-related symptoms included in the criteria for PDD 
problems. 

Despite the small sample size in the present report, findings regarding increased risk for 
behavioral problems are worrisome. ADHD is one of the most common childhood behavior 
disorders, affecting >2 million children and adolescents in the United States alone. 90 

According to DSM-IV, ~3% to 5% of school-aged children suffer from ADHD, but the 
causes of the disorder are largely unknown. ADHD is associated with altered brain 
functioning and is characterized by an inability to focus on tasks, as well as by impulsive 
hyperactive behavior, lethargic inattention, or both. Furthermore, attention problems reflect 
long-term patterns of functioning and tend to be correlated strongly with later functioning by 
9 years of age. It is not clear, on the basis of the present report, exactly how prenatal 
chlorpyrifos exposure might affect the onset of clinically diagnosed ADHD or whether there 
is a dose-response relationship with the severity of ADHD symptoms, but this finding of 
significant associations between chlorpyrifos exposure and behavioral problems deserves 
additional study. 
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FIGURE 1. 
Estimated effects of prenatal chlorpyrifos exposure on MDI scores for children 12 to 36 
months of age according to race/ethnicity by using GLM repeated-measures analysis of 
variance. The models were adjusted for race/ethnicity, gender, gestational age, maternal 
educational level, HOME score, and ETS exposure. The high chlorpyrifos exposure group 
includes those with cord blood chlorpyrifos levels >6.17 pg/g, and the low group includes all 
those with lower levels. 
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FIGURE2. 
Estimated effects of prenatal chlorpyrifos exposure on PDI scores for children 12 to 36 
months of age according to race/ethnicity by using GLM repeated-measures analysis of 
variance. The models were adjusted for race/ethnicity, gender, gestational age, maternal 
educational level, maternal IQ, HOME score, and ETS exposure. The high chlorpyrifos 
exposure group includes those with cord blood chlorpyrifos levels >6.17 pg/g, and the low 
group includes all those with lower levels. 
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TABLE 1 

Characteristics of the Study Population According to Prenatal Chlorpyrifos Exposure Level (N 254) 

Characteristic High Exposure (n =50) Lower Exposure (n = 204) p 

Proportion, 0/o Mean± SO Proportion, 0/o Mean± SO 

Maternal characteristics 

Race/ethnicity 

Black 24.2 75.8 .02 

Dominican 14.9 85.1 

Age, y 24.60 ± 5.27 25.09 5.14 NS 

Married 12.2 18.2 NS 

No high school degree 40.0 33.3 NS 

Maternal lOa 84.28 ± 12.43 87.26 ± 13.69 NS 

HOME score 38.46 5.95 39.78 ± 5.72 NS 

Infant characteristics 

Birth weight, g 3239.58 ± 558.09 3450.93 ± 448.30 .05 

Birth length, em 50.02 ± 2.41 51.05 3.60 NS 

Birth head circumference, em 34.03 ± 1.69 34.35 ± 1.84 NS 

Gestational age, wk 39.24 ± 1.38 39.32 ± 1.49 NS 

Male 48.0 46.1 NS 

Prenatal exposure to residential ETS 56.0 31.9 .002 

The sample included all children who had reached 36 months of age with all required data elements. NS indicates not significant. 

aMeasured with the Test of Nonverbal Intelligence, Second Edition42 
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TABLE 2 

BSID-11 Means and Proportion Delayed at 12, 24, and 36 Months According to Chlorpyrifos Exposure Level 
(N = 254) 

Domain Total High Exposnre Lower Exposnre p 

MDI score, mean± SD 

12 rna 94.03 ± 9.78 93.72 ± 9.64 94.11±9.84 .810 

24 rna 85.10 ± 12.41 83.69 ± 12.24 85.45 ± 12.46 .396 

36 rna 89.58 ± 11.41 87.39 ± 10.08 90.11 ± 11.67 .155 

PD I score, mean ± SD 

12 rna 96.22 ± 12.21 93.35 ± 12.94 96.95 ± 11.95 .074 

24 rna 97.04 ± 11.47 98.70 ± 10.90 96.62 ± 11.60 .274 

36 rna 100.46 ± 12.98 95.69 ± 14.71 101.63 ± 12.28 .006 

Mild/significant mental delay, %a 

12 rna 15.7 17.0 15.4 .468 

24 rna 49.3 60.0 46.7 .076 

36 rna 32.9 45.5 29.9 .048 

Mild/significant psychomotor delay, %b 

12 rna 14.0 21.7 12.1 .078 

24 rna 13.2 13.0 13.3 .595 

36 rna 10.5 24.4 7.1 .002 

Age-specific sample sizes ranged from 225 to 228 because of missed and/or unscorable assessments (<50). 

aMD I score of <:85. 

bPDI score of <:85. 
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TABLE 3 

Proportions Scoring in the Clinical Problem Range on the CBCL at 36 Months According to Prenatal 
Chlorpyrifos Exposure Level (N = 228) 

Domain Proportion, o/o p 

Total High Lower 
Sample Exposnre Exposnre 

Attention problems 3.4 10.6 1.1 .010 

DSM-IV-oriented scales 

PDD problems 4.7 8.5 3.8 .162 

ADHD problems 3.9 10.6 2.2 .018 

Externalizing behavior 9.1 10.6 8.6 .426 

Internalizing behavior 13.4 14.9 13.0 .444 

Page 23 

The sample included all children who had reached 3 years of age with data from the prenatal maternal interview, biomarkers of exposure, and the 
CBCL (parent report) . 
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TABLE 4 

Multivariate Linear Regression Models Testing Main and Interactive Effects of Prenatal Chlorpyrifos Exposure on 12-, 24-, and 36-Month MDI Scores, 
Adjusted for Race, Gender, Maternal Education, Maternal IQ, Gestational Age, and Prenatal ETS Exposure 

Variable 

Constant 

Prenatal chemical exposures 

ETSa 

Chlorpyrifosb 

Co variates 

R2 

Race/ethnicitl 

Genderd 

Gestational age 

MatemaiiQe 

Low matemal educationf 

HOME score 

Model 1: 12 mo (n = 229) 

B, Mean± SE p 

103.893 ± 27.49 <.001 

0.456 ± 1.39 .744 

-0.344 ± 1.66 .836 

0.229 ± 1.44 .874 

-2.974 ± 1.30 .023 

0.355 ± 0.44 .421 

-5.982 4.96 .229 

-0.278 ± 1.41 .843 

0.173 ± 0.12 .150 

0.040 

Model 2: 24 mo (n = 225) Model 3: 36 mo (n = 228) 

B, Mean± SE p B, Mean± SE p 

10.709 34.37 NS 52.724 ± 28.29 .064 

-3.032 ± 1.66 .069 -0.058 ± 1.44 .968 

-1.480 ± 2.03 .466 -3.327 ± 1.76 .060 

6.176 1.73 <.001 6.286 1.47 <.001 

-3.760 ± 1.58 .018 -3.680 ± 1.34 .006 

1.466 ± 0.59 .013 1.287 ± 0.47 .007 

1.715±5.66 .762 -6.751 ± 4.89 .169 

-2.298 ± 1.70 .179 -2.888 ± 1.45 .048 

0.200 ± 0.14 .165 0.589 ± 0.13 <.001 

0.146 0.251 

The sample included all children who had reached 3 years of age with data from the prenatal matemal interview, biomarkers of exposure, and complete data on all covariates. Sample sizes for age-specific 
models ranged from 225 to 229 because of missed and/or unscorable assessments (<50). B indicates unstandardized regression coefficient; NS, not significant. 

aPrenatally exposed = I; not exposed = 0. 

b . 
H1gh exposure (>6.17 pg/g) =I; low exposure (:0:6.17 pg/g) = 0. 

cBiack = 2; Dominican = I. 

d 
Male = 2; female= I. 

eMeasured with the Test of Nonverbal Intelligence, Second Edition,42 natural logarithmically transformed. 

f . . 
No h1gh school degree= I; h1gh school degree = 0. 
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TABLE 5 

Multivariate Linear Regression Models Testing Main and Interactive Effects of Prenatal Chlorpyrifos Exposure on 12-, 24-, and 36-Month POI Scores, 
Adjusted for Race, Gender, Maternal Education, Maternal IQ, Gestational Age, and Prenatal ETS Exposure 

Variable 

Constant 

Prenatal chemical exposures 

ETSa 

Chlorpyrifosb 

Co variates 

R2 

Race/ethnicitl 

Genderd 

Gestational age 

MatemaiiQe 

Low matemal educationf 

HOME score 

Model 1: 12 mo (n = 228) 

B, Mean± SE p 

112.28 ± 34.64 .00 

0.31 ± 1.76 .86 

-3.30 2.11 .12 

-2.00 ± 1.81 .27 

0.11 ± 1.64 .95 

-0.16 ± 0.56 .77 

-0.71 ± 6.26 .91 

-0.81 ± 1.77 .65 

-0.08 ± 0.15 .61 

0.024 

Model 2: 24 mo (n = 227) Model 3: 36 mo (n = 228) 

B, Mean± SE p B, Mean± SE p 

81.05 32.45 .01 64.56 ± 36.64 .079 

2.83 ± 1.63 .08 -0.14 ± 1.79 .940 

1.17 ± 1.98 .56 -6.46 2.18 .003 

2.15 ± 1.70 .21 3.88 ± 1.82 .034 

0.08 ± 1.54 .96 -2.95 ± 1.66 .077 

0.20 ± 0.53 .70 1.38 ± 0.64 .033 

0.09 5.56 .99 -5.78 ± 6.08 .343 

-1.26 1.66 .45 1.69 1.81 .350 

0.09 0.14 .53 0.30 0.16 .057 

0.035 0.107 

The sample included all children who had reached 3 years of age with data from the prenatal matemal interview, biomarkers of exposure, and complete data on all covariates. Sample sizes for age-specific 
models varied from 227 to 228 because of missed and/or unscorable assessments (<50). B indicates unstandardized regression coefficient. 

aPrenatally exposed = I; not exposed = 0. 

b . 
H1gh exposure (>6.17 pg/g) =I; low exposure (:0:6.17 pg/g) = 0. 

cBiack = 2; Dominican = I. 

d 
Male = 2; female= I. 

eMeasured with the Test of Nonverbal Intelligence, Second Edition,42 natural logarithmically transformed. 

f . . 
No h1gh school degree= I; h1gh school degree = 0. 
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TABLE 6 

Logistic Regression Models Testing Effects ofChlorpyrifos on the Odds ofMental Delay at 12, 24, and 36 
Months, Adjusted for Race, Gender, Gestational Age, Maternal Education, Maternal IQ, ETS Exposure, and 
Home Enviromnent 

Variable Odds Ratio (95% CI) 

Modell: 12 mo Model 2: 24 mo Model3: 36 mo 

Prenatal exposures 

ETsa 0.58 (0.25-1.33) 1.26 (0. 70-2.56) 1.29 (0.67-2.48) 

Chlorpyrifosb 1.22 (0.48-3.06) 1.75 (0.86-3.60) 2.37 (1.08-5.19) 

Co variates 

Race/ethnicityc 1.06 (0.48-2.38) 0.4 7 (0.26-0.87) 0.35 (0.17-0.72) 

Genderd 1.66 (0.80-3.44) 1.68 (0.96-2.92) 1.90 (1.04-3.48) 

Gestational age 1.00 (0.79-1.27) 0.89 (0. 72-1.1 0) 0.81 (0.65-1.01) 

Maternal I Qe 1.02 (0.98-1.05) 0.99 (0.96-1.01) 1.01 (0.99-1.04) 

Low maternal educationf 1.49 (0.69-3.22) 0.95 (0.52-1.73) 1.40 (0.74-2.67) 

HOME score 0.96 (0.89-1.02) 0.96 (0.92-1.01) 0.90 (0.85-0.96) 

Sample sizes for age-specific models ranged from 225 to 228 because of missed and/or unscorable assessments (<50). 

aPrenatally exposed~ 1; not exposed~ 0. 

b . h . 1 . H1g exposure (>6.17 pg:g) ~ 1; ow exposure (<:6.17 pg:g) ~ 0. 

cBlack ~ 2; Dominican ~ 1. 

d 
Male ~ 2; female ~ 1. 

eMeasured with the Test of Nonverbal Intelligence, Second Edition,42 natural logarithmically transformed. 

~o high school degree~ 1; high school degree~ 0. 
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TABLE 7 

Logistic Regression Models Testing Effects ofChlorpyrifos on the Odds of Psychomotor Delay at 12, 24, and 
36 Months, Adjusted for Race, Gender, Gestational Age, Maternal Education, Maternal IQ, ETS Exposure, 
and Home Environment 

Variable Odds Ratio (95% CI) 

Modell: 12 mo Model 2: 24 mo Model 3: 36 mo 

Prenatal chemical exposures 

ETsa 0.95 (0.42-2.15) 0. 77 (0.33-1.80) 1.82 (0.69-4. 79) 

Chlorpyrifosb 1.88 (0.78-4.53) 1.01 (0.3 7-2. 76) 4.52 (1.61-12.70) 

Co variates 

Race/ethnicityc 1.59 (0.69-3.67) 0.86 (0.36-2.09) 0.55 (0.19-1.54) 

Genderd 0.91 (0.42-1.96) 0.74 (0.33-1.63) 1.89 (0.75-4.75) 

Gestational age 1.00 (0.78-1.28) 0.88 (0.68-1.14) 0.97 (0.68-1.38) 

Maternal I Qe 1.01 (0.98-1.04) 0.98 (0.95-1.02) 1.03 (0.99-1.06) 

Low maternal educationf 1.10 (0.49-2.50) 1.24 (0.54-2.81) 0.36 (0.12-1.10) 

HOME score 0.99 (0.92-1.06) 1.01 (0.94-1.08) 0.94 (0.86-1.02) 

Sample sizes for age-specific models varied from 227 to 228 because of missed and/or unscorable assessments (<50). 

aPrenatally exposed~ 1; not exposed~ 0. 

b . h . 1 . H1g exposure (>6.17 pg:g) ~ 1; ow exposure (<:6.17 pg:g) ~ 0. 

cBlack ~ 2; Dominican ~ 1. 

d 
Male ~ 2; female ~ 1. 

eMeasured with the Test of Nonverbal Intelligence, Second Edition,42 natural logarithmically transformed. 

~o high school degree~ 1; high school degree~ 0. 
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TABLE 8 

Logistic Regression Models Testing Effects ofChlorpyrifos on the Odds of Behavioral Disorder at 36 Months, 
Adjusted for Race, Gender, Gestational Age, Maternal Education, Maternal IQ, ETS Exposure, and Home 
Enviromnent (N = 228) 

Variable Odds Ratio (95% CI) 

Attention Problems ADHD Problems PDD Problems 

Prenatal exposures 

ETsa 2.81 (0.44-17.77) 8.10 (1.20-54.65) 0.75 (0.17-3.41) 

Chlorpyrifosb 11.26 (1.79-70.99) 6.50 (1.09-38.69) 5.39 (1.21-24.11) 

Co variates 

Race/ethnicityc 0.19 (0.02-1.61) 0.26 (0.04-1.82) 0.06 (0.01-0.65) 

Genderd 2.84 (0.50-16.09) 1.05 (0.23-4.74) 2.40 (0.65-8.93) 

Gestational age 0.62 (0.39-0.99) 0.62 (0.40-0.97) 0.81 (0.50-1.30) 

Maternal !Qe 0.99 (0.94-1.06) 1.03 (0.97-1.09) 1.00 (0.95-1.05) 

Maternal educationf 0.22 (0.02-2.08) 0.35 (0.06-2.10) 1.75 (0.46-6.61) 

HOME score 0.93 (0.80-1.08) 0.88 (0.77-1.01) 0.93 (0.82-1.05) 

aPrenatally exposed~ 1; not exposed~ 0. 

b . h . 1 . H1g exposure (>6.17 pg:g) ~ 1; ow exposure (<:6.17 pg:g) ~ 0. 

cBlack ~ 2; Dominican ~ 1. 

d 
Male ~ 2; female ~ 1. 

eMeasured with the Test of Nonverbal Intelligence, Second Edition,42 natural logarithmically transformed. 

±No high school degree~ 1; high school degree~ 0. 
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